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ABSTRACT

A healthy understorycommunityis a key factor in maintaining the biodiversity of longleafpine (Pinuspalustris) stands,andthere
appearsto be a strong relationshipbetweenthe occurrenceof fire and the condition of the understoryvegetation.Generally, the
understoryis healthierin burnedareasthaii in thosenot burned.To assessthe useof prescribedfire in restoringandmaintaining the
healthof longleaf ecosystems,we looked at asubsampleof ForestInventoryandAnalysis plot datafor longleafpine maintainedby
theU.S. Departmentof Agriculture, ForestService.The subsampleconsistedof longleafpineplotsin Florida,Georgia,SouthCarolina,
andNorth Carolina.

About half of all longleafpine standsin theSoutheasthadbeenburnedwithin the last5 years.Florida hadthehighestproportion
of burnedarea(58%), andSouth Carolinathe lowest (43%). Although therewas somevariationamongstates,fire hadbeenused
on mostpublic land (83%), but on a relatively small proportion(37%) of privately ownedland. In Georgia,wherelargehunting
reservesconstitutemuch of theprivate holdings,fire wasusedon 48%of the privately owned longleafareas.Theuseof fire varied
by site type andstate;lowland areaswere burnedmore in SouthCarolina,anduplandsmorein GeorgiaandNorth Carolina.There
wasastrongrelationshipbetweenburningandunderstorycondition with most of theunburnedareasin poorcondition.The useof
prescribedfire by private owners is not likely to increaseas many holdings are small parcelswhereburning is expensiveand
difficult.
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INTRODUCTION

Longleaf pine ecosystemsonceoccupiedas much
as 25 million hectaresin the southeasternUnited
States,extendingsouthfrom southeastVirginia to cen-
tral Florida and west into easternTexas (Stout and
Marion 1993). Use of this valuableresourcebeganin
colonial times, and intensive Jogging of old-growth
longleafforest reachedits peakshortly after the turn
of the century(Wareet a]. 1993). By 1935,only about
8 million hectaresof longleaf pine remained. Once
logged,much of the land wasconvertedto agricultural
and urbanuses—orregeneratedwith slash (Pinus el-
liouii) or loblolly pine (P. iaeda). Together,theseuses
contributedto a continualdecline in the areaof long-
leafplant communities.Between1955 and 1985,long-
leafforestareadeclinedfrom 4.9 million to 1.5 million
hectares(Kelly and Bechtold1990).By 1995,only 1.2
million hectaresremained (Outcalt and Sheffield
1996), less than 4,000 hectaresof which were old
growth (Means1996).

The amount of longleafecosystemwith an intact
understoryis not known but is estimatedto be 0.5—
0.8 million hectares(Noss 1989, Stolzenburg1991).
Longleaf understoryis important becauseit contains
mostof the ecosystem’sdiversity. Not only is the un-
derstory plant community very diverse, it also has
many endemicsthat dependon it for survival (Hardin
andWhite 1989).Relatively large,contiguousareasof

longleaf community are neededto maintain viable
populations of such speciesas red-cockadedwood-
pecker (Picoides borealis). Therefore,resourceman-
agersarestriving to perpetuateexistingunderstoryand
restore it on siteswhereit has beeneliminatedor se-
verely damaged.

Prescribedfire is a major tool in ecosystemres-
toration efforts. Prior to landscapefragmentation
broughtby humanhabitation,fire wasa frequent,nat-
ural occurrenceacrossmuch of the Southeastand
maintained once-extensIvelongleaf pine and grass
communities (Christeji~en 1981). Dead needlesand
grass furnishedfuel tI~at carried fire and maintained
healthy stands (Landers 1991). Without fire, plant
community composition and structure changed.
Woody speciesincreased,and grassesand forbs de-
clined (Lewis and Harshbarger1976, Myers 1985).
Fire is also known to control brown-spotneedleblight
(Scirrhia acicola), which canseverelylimit thegrowth
and survivalof longleafseedlings(Boyer 1975).Burn-
ing encouragestheproduction of flowersand seedsby
native grassesandforbs (Christensen1981,PIafl at a].
1988,Clewell 1989, Outcalt 1994). It is thereforenec-
essarythat resourcemanagers,conservationgroups,
andotherspromotethe useof fire to maintain longleaf
communityhealth(Landerset a]. 1995).Our studyob-
jective was to quantify the occurrenceof fire in the
longleafecosystemby site type, location, and owner-
ship. Such information shouldhelp managersconcen-
trate their efforts wherethey are.neededmost.
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Inhlo 1. Area of natural longleat pine stands recently burned,
.0., in lasI 5 years, or unburned in the southeastern United
Slates.

State

Owner

Public Private

Burned Unburned Burned Unburned
hectares
(percent)

Florida

Georgia

South Carolina

North Carolina

Totat

133.245 29,160 37,665 70,065
(82) (18) (35) (65)

23,895 0 81,065 87,820
(100) (0) (48) (52)

40,095 6,480 29,160 67,635
(86) (14) (30) (70)

33,615 10,125 10,935 40,500
(77) (23) (21) (79)

230,850 45,765 158,825 266,020
(83) (17) (37) (63)

g. 1. Percent of area recently burned. i. e., in last 5 years,
unburned in natural longleat stands ii~ the southeastern Unit-

I States.

IETHODS

All sampling was basedon the network of Forest
ventory and Analysis (FIA) plots in Florida, Geor-
a, South Carolina, and North Carolina, which have
en establishedby the U.S. Departmentof Agricul-
re, Forest Service (USFS), SouthernResearchSta-
~n. To obtain a proportionatesample of all major
rest types,sites, andownershipclassesin eachstate,
~FS scientistssystematicallydistributed permanent
)ts acrossall ownerships.For this study, and for
ch of the states,all plots with a longleaf-dominated
erstory that resultedfrom naturalregenerationwere
rted into 5 agegroups: 1—10, 11—20, 2 1—40, 4 1—60,
d 60+ years. Age groups were classified by soils
d topographyinto site types,which variedfrom state
statebut weregroupedinto wet lowlands,dry sand-
Is, and rolling uplands.
Within each ageclass and site type, 3 plots were

domly selectedfor sampling. In Florida and South
rolina, plots were sampledduring summer 1995; in
orgia and North Carolina, they were sampledthe
lowing summer.We recordedany evidenceof past
turbanceor recentfire historyin eachsamplestand.

condition of the understorycommunity was de-
nined by generalappearance,dominanceof typical
lye species,and amountof humandisturbance.We
ified site types and changedthem, whereappropn-

Data were summarized and the percentageof
ned andunburnedland calculatedfor eachstateby
iership class, i.e., public or private. Becausethe
istrial sector owns very few hectaresof natural
deaf, forest industry land was not included. We
I thesepercentagesto calculatethe areaof burned
unburnedlongleafas a proportionof the total Ion-
f area identified in Outcalt and Sheffield (1996).
gleaf standsize was takenfrom the FIA database.
The relationshipbetweenunderstoryconditionand
ing was testedin each stateusing 2-way contin-
:y tablesand the chi-squarestatistic.

RESULTS

About half of all sampledlongleaf standsin the
Southeasthad beenburnedin the last5 years.Florida
had the highestand SouthCarolinathe lowest burning
rates(Figure 1). Burning in longleafstandson public
lands rangedfrom 100% in Georgia to 77% in North
Carolina(Table 1). BecauseFlorida hadthemostpub-
licly owned areaof longleaf, it hadboth the mostarea
burned,and the most areanot burned.The incidence
of burning in longleafstandswas much lower on pri-
vatelands. Again,though,Georgiahadthehighestand
North Carolina the lowest, at 48% and 21%, respec-
tively. Combined,the 4 stateshad>260,000unburned
hectaresof longleaf forest in private ownership. Al-
thoughGeorgiahad the highestrateof burning in that
sector, it also hadthe mostunburnedarea.

In South Carolina, most wet lowland areaswith
longleafpine had beenburned(Table 2). In Georgia,
however,theoppositewastrue. Nearly 67% of all san-
dhills longleaf sites had beenburned in Florida and
Georgia,but in South Carolina not much of either the
sandhillsor the uplandsiteshadbeenburned.All sam-
pled longleafstands in North Carolina’s upland areas
had beenburned in the last 5 years.Only in florida
was burning evenly spreadacrossall site types.

Standsizestronglyinfluencedwhetherlongleafar-
eas were burned(Table 3). Acrossall states,the av-
eragesizeof unburnedstandswas43 hectares,andof
burnedstands 113 hectares.Meansizeof burnedareas
was larger in South Carolina and North Carolina on
private lands thanon public lands.However, for the4
statescombinedthere was no real differencein mean
size of burnedversusunburnedareasbetweenpublic
and private lands. The effect of size was also evident
when private lands were subdivided into classes.In
both Georgia and South Carolina, many privately
owned longleaf sample standsoccurredon the larger
parcelsthat were managedfor hunting and as titnhrn
plantations. Burning on those lands was lI~P~i in
Georgia and 75% in South (‘aroliiia: i’s, tithe. p. i’-tslw’

landsin thosestatesit wa~ tX’i ~ai~el.‘ I ‘V•liw ciu~ljtiiisi iii ~i’~etiitl.uis ~ei.i,et,,g4~tI l.segu.#
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Table 2. Percent of area recently burned, i.e., in last 5 years, and unburned, by site type in natural longleat pine stands in the
southeastern United States.

State

Site Type

Lowlands Sandhills Uplands

Burned Unburned Burned Unburned Burned Unburned

Florida
Georgia
South Carolina
North Carolina

53 47
17 83
80 ?0
50 50

67 33
60 40
.20 80
44 56

60 40
75 25
30 70

100 0

standswassignificantly related (P = 0.001)to burning
(Table 4). Vegetationin most of the recently burned
standswasin good to fair condition,and vegetationin
mostunburnedareaswas ratedas poor to very poor.
For the 4 states,42% of the natural longleafareashad
an understoryin good to fair condition and had been
recently burned.Conversely,36% of the sampledIon-
gleaf standsshowedno evidenceof recentburningand
vegetation was in poor to very poor condition. The
relationshipwasstrongestin SouthCarolina,whereall
standsin good to fair condition had beenburnedin
the last 5 years, whereas53% were in poor to very
poor condition andhad not beenburned.

DISCUSSION

Ownership

Burning on public lands is higher than on private
ownershipfor many reasons,including the fact that the
public sectorhasaccessto the resourcesandpersonnel
necessaryto conductprescribedburning programs.A
greaterawarenessof the needfor fire and its benefits
to the longleafpine ecosystemmay also significantly
influence burning on public lands. Becausescientific
information supportingthe use of fire to restoreand
maintain ecosystemhealth has only recently gained
widespreadacceptance(Noss 1989,Myers 1990,Stout
and Marion 1993),thereis still a backlogof unburned
longleaf sites on public land. Most organizationsare
reducingthis backlogasquickly aspossible,andburn-
ing in longleaf plant communities on public lands
should soonreach100%acrossall 4 of the southeast-
ern states.Georgiahas nearly reachedthis level be-
causemost public lands with longleaf in the stateare
controlled by the military services.Military testranges

Table 3. Mean size of natural longleat pine stands recently
burned, i. e., in last 5 years, or unburned in the southeastern
United States.

State

Florida
Georgia
South Carolina
North Carolina

Owner
Public Private

Burned Unburned Burned
(heclares)

Unburned

142
79
46
84

72 140
0 68

26 195
23 156

79
25
37
20

Mean 106 . 44 125 39

are often ignited by live fire during training exercises,
andDepartmentof Defense(DOD) resourcemanagers
often aggressivelyburn adjoining areas to prevent
wildfires. For thesereasons,many baseshavebegun
with a smaller backlog of untreatedsitesthan have
otherpublic agencies.

Site Type andSize

Upland sitesin North Carolinahavea high rateof
burning for 2 reasons.First, military basesaccountfor
a large proportion of public ownershipin North Car-
olina; and the DOD hasburneda considerableamount
of its upland longleaf sites. Second,becausethe soil
on upland sites is well suited for agricultural uses,
longleafstandswere clearedfrom private lands long
ago.In Georgiathe burningrateis low on wet lowland
sitesbecause<6,000hectaresare in public ownership;
and the areasin private ownershipare small parcels,
which are less likely to be burned. Size is also the
reasonburning was not prevalenton upland and san-
dhills longleaf stands in South Carolina,where sam-
pled upland siteshad a meansize of just 15 hectares
andsandhillsa meanof 33 hectares.However,in low-
land areas,where recent burning has occurredmuch
moreoften, the meansizewas 150 hectares.Between
burned and unburnedstands,the overall differencein
parcel size was partially due to a higher per-hectare
cost for smaller areas.Many small parcelownersalso
seemto have other priorities. Most small, unburned
samplestandsshowedno evidenceof active manage-
ment.

Condition

Fire is often necessaryto maintain the health of
plant communitiesin longleafpine ecosystems;in this

Table 4. Relationship ot recent burning, i.e., last 5 years, to
understory condition of longleat pine stands in the southeastern
United States.

State

Condition
Good to fair Poor to very poor

Burned Unburned Burned
(percent)

Unburned

Florida
Georgia
South Carolina
North Carolina

Mean

45
41
37
46
42

18 13
14 14
0 10

11 4
11 11

24
31
53
39
36
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ly, most sampledIonglcal~ sites that were in good
dition had been recently burned. Frost (1993) re-
ted that in North Carolina 26% of longleaf stands
~ood condition had beenmaintainedwith fire. Al-
ugh this study reports46%, the differencemay be
in part to sampleselection.Frost (1993)sampled

gleaf remnantsregardlessof stand composition,
ereaswe sampledonly areaswherelongleafis still
dominant tree. Nonetheless,burning appearsto

‘e increasedsince 1993, especiallyon public lands.
resultshavebeencumulative—morelongleafsites
now in good condition as a result of continued

-ning. Land managerscan expect additional gains,
:ause this study shows that across the Southeast
re are sites that have been burnedbut remain in
r condition. Conversely,there are about as many

~sthat havenot beenburnedr~ently, but that are
good condition. Most suchsite’~ probablyhavebeen
med in the pastbut are now only raked for pine
~w.

ANAGEMENT IMPLICATiONS

Efforts to restorefire to its properrole in thelong-
I ecosystemhave beenvery successfulon public
ds. The backlog of unburned sites will soon be
ne, and periodic regular burning will be occurring
nearly all publicly controlled longleaf sites. The

proved condition of understoryvegetationthat re-
is from periodic fire is becoming apparenton a
idscapescale. However,thereis growing resistance
songpublic land usersto the changesin understory
ndition, largely due to concernsabout the loss of
)ody shrubs and hardwoods.Managersneed to be
~sitive to theseconcerns,but there is little justifi-
lion for reducedburning.

First, burning of longleafstands on private lands
bably will not increasemuch becausemany of the

~as not currently maintained with fire are smaller
gments. In most cases,landownersmanagethose
gments very little becausethey are difficult and
sily to burn. If smokemanagementrestrictionsin-
mse, burning may actually decline on privately
med lands. It follows, then, that burning in the
utheast’s longleaf plant communities will at best
~ch only 65% of the total area, leaving roughly
0,000 hectaresof abundantwoody shrubsandhard-
)0d5. In addition, even on those sites regularly
rned,shrubsandhardwoodswill be only reducedin
ture, not eliminated(Waldrop et al. 1987).
Most importantly, speciesof concernlike gallber-

(hex glabra), saw palmetto (Serencarepens),and
~key oak (Quercus laevis) are generalist species
~nd on largeareasof pineplantationsandhardwood-
minatedareasacrossthe Southeast.For example,in
)rida alone,thereare 147,000hectaresof scruboak
utcalt 1998). Burning in longleaf-dominatetAareas
uld continue for the benefit of such rare and de-

fling speciesas the red-cockadedwoodpeckerand
pher tortoise (Gopheruspolyphemus),which need

grassyopen condition that fire promotes. Para-

phrasingHarris andSilva-Lopez(1992:233),~vhatthe
Southeastneedsis not moreof what is commonlypre-
sent but, rather,more of what has becomerare. The
continueduseof fire in forestsof the region will help
meet this goal.
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